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A.1 Implementation of Pavement ME Design in Maricopa County  

 

The issue of this interim pavement design guide in October 2019 will mark the start of the use of 

Mechanistic-Empirical (ME) Pavement Design at Maricopa County Department of Transportation 

(MCDOT). The associated software program is tilted Pavement ME Design.  Note that this pavement 

design guide focuses only on flexible pavement design, rigid pavement design is not covered.   

Designers are required to use both this interim guide and Chapter 10 of MCDOT Roadway Design 

Manual1 (RDM) when providing pavement designs for MCDOT arterial roads that include at least one-

half a roadway for a nominal one-half mile length or greater.  The designer should use designs from both 

methods and engineering judgement in selecting the suitable pavement structure. 

The efforts toward the implementation of Pavement ME Design at Maricopa County began in 2006 with 

a research program funded by MCDOT.  The pavement and geotechnical groups at Arizona State 

University (ASU) provided the required material characterization services between 2006 and 2009 under 

this research program.  Fifteen roadway projects, which included nine new flexible pavement 

constructions, four intersection improvements, and two overlay projects, were selected as test sections 

to perform sampling, material characterization, field monitoring, calibration and validation.  The 

ǎŀƳǇƭƛƴƎΣ ŦƛŜƭŘ ƳƻƴƛǘƻǊƛƴƎΣ ŎŀƭƛōǊŀǘƛƻƴΣ ŀƴŘ ǾŀƭƛŘŀǘƛƻƴ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ōȅ a/5h¢Ωǎ ƳŀǘŜǊƛŀƭǎ ƎǊƻǳǇΦ 

In 2016, calibration and validation of the Pavement ME Design was performed using the latest available 

AASHTO Pavement ME Design software at the time (Version 2.3.0, Revision 65), after gathering field 

distress measurements of the test sections over a ten year period.  The calibration and validation 

process included checking the National and Arizona Department of Transportation (ADOT) calibration 

factors for Maricopa County conditions and identifying any bias in predicted distresses.  Then, the 

identified bias was eliminated or reduced by adjusting selected critical calibration factors.  The 

applicable procedures and guidance given in the AASHTO Guide for the Local Calibration of the 

Mechanistic-Empirical Pavement Design Guide, November 20102 was followed during the calibration and 

validation process.  The findings were presented in a conference paper titled Implementation Process of 

Pavement ME Design in Maricopa County3 at the 13th Arizona Pavement/Materials Conference held in 

November 2016.  MCDOT is continuing the collection of distress data from the subject roads to verify 

and improve the distress predictions.  Based on the on-going data, the local and national calibration 

factors will be refined and reported in this document if and when deemed appropriate.  

The current pavement design method in use for MCDOT pavement design is the 1993 AASHTO Design 

Guide.  One of the main differences between the 1993 AASHTO Design Guide and the Pavement ME 

Design can be stated as: the 1993 guide designs the thickness of each pavement layer while the 

Pavement ME Design predicts the performance of the pavement corresponding to user input layer 

thicknesses.  Figure 1 illustrates a comparison of the two methods.  Detailed comparisons of the two 

programs are listed in Table 1. 

https://www.maricopa.gov/5307/Transportation-MCDOT
https://me-design.com/MEDesign/?AspxAutoDetectCookieSupport=1
https://www.maricopa.gov/DocumentCenter/View/51399/Roadway-Design-Manual-2019
https://pavement.engineering.asu.edu/resources/2016-pavements-conference/
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Figure 1.  Comparison of 1993 AASHTO Design and Pavement ME Design 

This document provides guidance to designers for pavement designs of MCDOT roadways using 

Pavement ME Design software. 

A.2 AASHTO Pavement ME Design Software 

The AASHTOWare Pavement ME Design program was first issued in the early 2010s.  Development of 

the flexible pavement design for the ME program was originally developed by Arizona State University 

(ASU) under a subcontract with Applied Research Associates, Inc. (ARA).   At the time of this document, 

Version 2.5.5 is available for purchase on the AASHTOWare website. 

Individual Workstation or Site licenses can be purchased from AASHTOWare on annual basis with annual 

subscription fees.  When performing pavement design for MCDOT roadways, the designers can use their 

own Pavement ME Design program or contact MCDOT for help or to access the Pavement ME Design 

program at MCDOT (for MCDOT designers only). 

A.3 Data Input  

The main data input areas in Pavement ME Design program include climate, traffic, and materials as 

illustrated in Figure 2. The program accepts data in three hierarchical levels designated Level 1, Level 2, 

and Level 3.  Level 1 represents the most advanced level where the designer can input site specific data 

from material characterization such as dynamic modulus and resilient modulus of the asphalt mix.   On 

the other hand, Level 3 represents the lowest level where the designer can use readily available data 

such as sieve analysis and plasticity index along with the default data provided by the program.  Level 2 

can be used when some intermediate test data are available.  For example, instead of inputting direct 

resilient modulus test data for unbound layers (aggregate base and subgrade), R-value or CBR or other 

parameters can be input so that the program can internally generate a correlated resilient modulus 

value. 

 

 

 

Empirical Mechanistic-Empirical Mechanistic 

1993 

AASHTO Guide 

Pavement 

ME Design PDG 

https://www.ara.com/
https://www.aashtoware.org/products/pavement/pavement-overview/
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Table 1:  Comparison between 1993 AASHTO Guide and Pavement ME Design 

Item No. Item 1993 Guide Pavement ME Design 

1 
Main design 
output 

À Pavement layer thicknesses based on 
minimum thickness to achieve design 
life 

À Pavement performance over the design life for a 
given pavement structure 

2 
Main design 
inputs 

À Traffic AADT and truck content 
À Resilient modulus of subgrade 
À Layer coefficients 

À Pavement performance based on predictions of 
the development of key pavement distresses 
including:  Rutting, Fatigue, Thermal Cracking, 
Bottom-Up Cracking, and Top-Down Cracking. 
À Based on the hierarchical level (Level 1, 2, & 3) 
À Thickness of each pavement layer 
À Traffic (see Item 3): AADTT, Traffic spectra 
including Class distribution, axle distribution, 
operational speed 
À Materials: see Items 4, 5, and 6 
À Climate: historical climate data from an extensive 
weather database provided with the program 

3 
Traffic load 
over the 
lifetime of road 

À AADT Converted to ESALs 

À No design life ESAL computations 
À Program estimates the loads that are applied to 
the pavement and the frequency with which those 
ƎƛǾŜƴ ƭƻŀŘǎ ŀǊŜ ŀǇǇƭƛŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇŀǾŜƳŜƴǘΩǎ 
design life 

4 
Bound layer 
data input 

À Layer coefficients 
À Elastic modulus of layers 

À Dynamic modulus 
À Binder viscosity 
À Mixture volumetrics 
À Creep compliance 
À Thermal properties 
À Indirect tensile strength 

5 
Unbound layer 
data input 

À Layer coefficients 

À Elastic modulus of layers 

À Resilient modulus 
À Sieve and PI data 
À Soil-water characteristics 
À Hydraulic conductivity 

6 
Subgrade soil 
data input 

À Resilient modulus 

À Resilient modulus 

À Sieve and PI data 

À Soil-water characteristics 

À Hydraulic conductivity 

7 Design steps 

À Convert traffic to design ESALs 
À Compute the required Structural 
Number (SN) mainly based on ESALS 
and subgrade resilient modulus 
À Determine the layer thicknesses that 
satisfy the required SN 

À Trial pavement structure is subject to expected 
traffic axle loads over the design period 
À Pavement material properties are varied over the 
seasons based on local climatic data 
À The response of pavement and resulting damage is 
estimated mechanistically as the virtual time 
passes through the years 
À The estimated damage is empirically correlated to 
various distress types 
À Performance of the pavement with respect to each 
category of distress is plotted 
À Repeat the analysis by revising layer thicknesses 
until the distresses are within criteria. 
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Figure 2.  Main Data Input Areas in Pavement ME Design 

 

The initial steps of how to start a new project is briefly explained here, then, detailed guide to data entry 

is given in the following sections.  The opening screen of Pavement ME Design is shown in Figure 3.  

Once the OK is clicked, the initial screen (Figure 4) will appear.  A new project can be started by clicking 

New on the top menu bar (Figure 4) and the screen in Figure 5 will appear.  An existing ptoject can be 

opened by clicking Open, and selecting the project. 

 

 

Figure 3.  Opening Screen of Pavement ME Design Software 

 

 

Climate Traffic Materials
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Figure 4.  Initial Screen of Pavement ME Design Program 

 

 

Figure 5.  Initial Data Input Screen of Pavement ME Design Program for a New Project 

New 

General 

Information 
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Adding different pavement structure layers is the first step when starting a new pavement design using 

Pavement ME Design.  Decide the type of pavement structure to be analyzed for the given project and 

follow the steps given below: 

1. Open Pavement ME Design program and click OK to proceed (Figure 3) 

2. Click on New, and a screen with no structural layers will appear (Figure 4) 

3. Under General Information (Figure 5), select Design Type as New Pavement and select Pavement Type as 

Flexible Pavement.  

4. Input Design Life, typically 20 years. 

5. Input the anticipated dates of Base Construction, Pavement Construction, and Traffic Opening. 

6. The screen shown in Figure 6 will appear, and click on Add Layer tab with a green icon (      ). 

7. Material Layer Selection window will appear (Figure 7) 

 

 

Figure 6.  Adding Layers to Pavement ME Design Program for a New Project 

8. Select Layer 1 Flexible: Default asphalt concrete and select layer type as Flexible (1), using the drop down 

menu. Note that the built-in layer types in the program include: PCC, Flexible, Sandwiched Granular, Non-Stabilized Base, 

Subgrade and Bedrock. 

9. Select Default Asphalt Concrete on the left inset window and click OK. 

10. A new layer with matching graphics will appear on the screen below the Tire symbol with the respective data entry area 

showing to the right (Figure 6). 

11. Repeat steps 8-10 for each pavement structure layer. 

12. The respective data entry windows for each layer can be accessed by clicking the layer graphics on the screen. 

13. When clicked, the layer becomes slightly shaded indicating the layer is selected. 

14. Once all the layers are added, the screen will appear as shown in Figure 8. 
 

 

Tire Symbol 

Add Layer 
Data Entry 

Area 
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Figure 7.  Material Layer Selection Screen of Pavement ME Design Program 

Once the layers are added, the data input screen will appear (Figure 8).  Data input or display areas on 

this screen are labeled as A through I for reference purposes and is described in Table 2.  Some 

information may be repeated for clarity. 

 

Figure 8.  Data Input Screen of Pavement ME Design Program with the added Layers 
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Table 2.   Pavement ME Design Data Input Areas 

Input or Display Area 
Area 
Label 

Description Section 

General information A design type, pavement type, design life, etc. A.3.1 

Performance criteria B distress limits and reliability for each distress type A.3.2 

Climate data C weather station data provided by the program A.3.3 

Traffic data D AADTT, axle configuration, operational speed, etc. A.3.4 

Material data 

E bound layers: asphalt concrete binder and mix A.3.5 

F unbound layers: aggregate base course A.3.6 

G subgrade: resilient modulus, gradation, R-value A.3.7 

Project File Tree H Icons turn to Green from Red when data input is complete A.3.8 

Progress I The progress of computations when running the program A.3.9 

  

A.3.1 General Information  

Data input begins with entering General Information for the project in Area A of the data input screen 

(Figure 8).  The Design Type can be either new, overlay, or restoration.  The Pavement Type can be 

either flexible pavement, jointed plain concrete pavement (JPCP), continuously reinforced concrete 

pavement (CRCP), or semi-rigid pavement.  Note that most of MCDOT roadways are flexible pavements.  

Typical Design Life for MCDOT roads is 20 years.  However, other design lives can be used when dealing 

with special cases.  For example, a 4-year design life is recommended for temporary roadways.  The 

dates of Base Construction, Pavement Construction, and Traffic Opening are also input as general 

information. 

A.3.2 Performance Criteria  

Performance Criteria set acceptable limits for various distress types along with an assigned reliability.  

MCDOT has adopted the national criteria4, which are shown in Table 3.  For example, when the 

International Roughness Index (IRI) exceeds a value of 172, the pavement is considered failed.   

Enter the performance criteria in Area B of the data input screen (Figure 8).  A reliability of 95% is used 

for arterial roads.  For collector and local roadway designs, use reliability values of 90% and 80%, 

respectively.  Also, MCDOT may require two sets of performance criteria: one for the design life and 

another for a half-life for maintenance purposes.  These requirements will be included in the scope of 

services.  The designer should contact MCDOT prior to the beginning of design to obtain site specific 

information.  
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Table 3.   Pavement ME Design Performance Criteria for MCDOT Roads:  
                  Arterials, Collectors, and Local Roads 

Distress Type Units Limit 
Reliability 

Arterials Collectors Local 

Initial IRI in/mile 63 95 90 80 

Terminal IRI in/mile 172 95 90 80 

AC Top-Down Fatigue Cracking ft/mile  2000 95 90 80 

AC Bottom-Up Fatigue Cracking % lane area 25 95 90 80 

AC Thermal Cracking ft/mile  1000 95 90 80 

Permanent Deformation-Total pavement in 0.75 95 90 80 

Permanent Deformation-AC Only in 0.25 95 90 80 

 

A.3.3 Climate Data 

Once the general project information and design criteria are entered, Project Climate data input can 

begin by clicking on Area C of the data input screen (Figure 8) or double clicking on Climate in the 

Explorer tab.  When Area C is clicked, a new window called Climate will appear (Figure 9). 

 

Figure 9.  Climate Data Input Screen of Pavement ME Design Software 

C1 
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The program allows the user to search any desired region in the United States (for example, Phoenix, 

AZ), and to select a marker on the map containing climate data (Figure 10).  Once a marker is selected, 

the corresponding data (Elevation, Climate station, Latitude, and Longitude) are populated in to the 

respective data cells in Area C1 (Figure 9).  Historic climate data available for the selected location will 

be used by the program in the analysis.  The depth to groundwater table can also be input on Climate 

screen.  If no site specific groundwater information is available, use the Arizona Department of Water 

Resources (ADWR) Well Registry to obtain groundwater depths from the regional well data. 

 

Figure 10.  Climate Data Markers that appear on the Map for Phoenix, AZ  

A.3.4 Traffic data  

Traffic data input can begin by clicking on Area D of the data input screen (Figure 8).   When Area D is 

clicked, a new window called Traffic will appear.  The types of traffic data to be input are listed in Table 

4 and shown in Figure 11.   

Table 4.  Traffic Data   

Main Data Type Description Area Section 

AADTT Average Annual Daily Truck Traffic D1 A 3.4.1 

Traffic capacity Capacity cap, if desired D2 A 3.4.2 

Axle Configuration Axle width, spacing, and tire pressure D3 A 3.4.3 

Lateral Wander 
Lane width, wheel location, and standard deviation 
for lateral wander 

D4 A 3.4.4 

Wheelbase 
Spacing and % trucks corresponding to short, 
medium, and long truck categories 

D5 A 3.4.5 

Vehicle Class 

Distribution and Growth 
% distribution of trucks among Class 4 through 
Class 13, growth rate, and growth function 

D6 A 3.4.6 

Monthly Adjustment Monthly adjustment, if data is available D7 A 3.4.7 

Axles per Truck 
Average values for single, tandem, tridem, and 
quad axles for Class 4 through Class 13 trucks 

D8 A 3.4.8 

https://gisweb.azwater.gov/WellRegistry/SearchWellReg.aspx

















































































